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Fate of the Gold King Mine
released metals

— Approximately 500,000 kg
delivered from mine to
Animas River at Silverton

e 1% from within mine
* 99% from waste pile outside
— 90% of mass deposited in
the Animas River

{most between Silverton and
Durango CO)

— 5% deposited in the San

Juan River
{distributed over 250 km)

— 5% to Lake Powell
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Gold King Efects Continued After the Plume Passed

CURRENT QUESTIONS: What Was Left Behind

Sludge-like material

Colloids (Paint-like)

* What were the Gold King effects on
water quality after the event?

* Has water quality returned to
pre-event conditions?

&

Woas there be a second wave of
contamination during 2016 snowmelt
when high flows could mobilize deposits?

ts along channel margins
2 S

* Can we recognize the Gold King
influence given the pre-existing
contamination from historic mining?
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Post event water quality response from August to October 2015 varied §

D produced hydrologic and geochemical evalu
King release during and for a year following the release

Hey Findings—Goll King Helease Post BEvent

e Gold

by location

Animas in Colorade returned to background

Animas in New Mexico and San Juan River had elevated metals above
expected

Chronic exceedances of water quality criteria revealed by monitoring

2016 snowmelt had elevated metals throughout the system—
partly from Gold King, partly from historic mining impacts

Model resuits and analyses indicate GKM metals now out of rivers
2016 samples after snowmelt at pre-event levels

We have a “fingerprint” unique to identify metals of the Gold King
release

There were water quality exceedances during the plume and post
event varying by location and state or tribe, some due to Gold King

E.g. aluminum, lead, copper, zinc, arsenic

ORD findings will help inform EPA monitoring and reporting

Animas at Bakers Bridge
{above} and popular
swimming beach north of
Durango {right)

August 2016

Both areas experienced
high settling rates during
plume
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Synopsis of Post-Event Trends

Gold King release effects on water quality depended on where and when

Mass analysis
and water
quality suggests
Gold King
release out of
river system

Winter 2015

= March ~june « fuly-Aug 2016

2016

= Sampling
Hiatus

e Sapt-Oct 2045

Low point in most

*  Deposition of materials metals going into .
through entire 550 km river ) . . winter *  Expectelevated metals in upper August ~ November 2016
¢ Post eve.nt water quality varied Animas due to past contamination Water and sediment
*WQ returned towards by location i N
background within days . L *  Metals elevated during snowmelt concentrations are the
. Seme water quality criteria throughout the system same or lower than
+  Adjustments to water exceedances . dditional d Fall 2015
chemistry into August . o Some additional metals due te
¢ Extensive monitoring reveals Gold King

{1-3 weeks) ) .
chronic water quality

exceedances not related to
Gold King

*  Metals in sediment and water
back to low concentrations by end
of snowmelt
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Warer and Bediments Monliored Since the Beleass

WATER: Sediment:
¢ Deposited metals reflect historic
contamination
No statistical change from historic

--Concentrations decreased in water
and sediment moving down river from
the Gold King during plume

Lead in Sediment

Total Lead in Water 10,000 Recreation B - 20000

& GoldKing Plume -----Dilution Max @ Past GKM Relgas:
& Historic AUBGS Historic (Chorch etal. 1997)
POST Go LD KI NG MON ITORI NG 1,000.000 oE oo § +~UBGS Historigat Gages
« 1,400 total and dissolved water samples 100.000 5 g %
—_ B i &
through 8/27/2016 E"M'DDD 1 L 4. soutcterec.
» = 820 sediment samples through 9/1/2016 < 3 & H v gé
& 1.000 4 H O I S
+ ' 294 sites with 1 or more samples H & o Tee §§8
Lt ST
g 2
HISTORIC DATA RS & AR
0.010 4 Fo o H é
¢ Hundreds of water samples ; | Ouinae. . Farigion fouromars
0.001 ¢ 100 200 300 400 500
* 30-50 sediment samples 0 prr—r prm—
Distance from Source {(km) Distance from GKM Source (k)

. L
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ethods Rationale

Statistical comparisons between
pre- and post-event samples

Limited to locations
where pre-event
data existed

Dissolved Arsenic

Comparisons with | R Durango
pre-event limited by A
available historic 3 * | a
data p

- M R a
Significantly 5 4 AN%A & ah
reduced number of § ™ ForEemmi Mo S5 v o
post-event B - A 45— —

Pre-Event Mea

monitoring samples
that could be used

i

180

1,000

Concentration (ug/L)

100

Correlation analysis
between trace metals
and aluminum or iron

Lead in Relation to Aluminum
in San Juan River

100 1,060

10,000 100,000 1,000,000

Aluminum Concentration (ugil)

Relationship between
trace metals and
Aluminum or Iron is an
indicator of expected
background levels in
sediments and water

Used in projectas a
sensitive signature of the
of Gold King metals

Maximizes use of
available data

Even a limited amount
of historic data is useful

tead high for amount of
kackground aluminum as Gold
King plume passed through
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Metals Concentration Tralectories
Depended on Logation

Animas River in Colorado mmediate: Aug 3 1o Aug 19
(RK 0 to 150): ter : atter Aug
° returned to
p;te—e\tlﬁnt I?vels in the weeks Aluminum and iron
aiter the reiease . oxides were a major
e stayed there through the winter component of
deposited precipitates
Animas River in New Mexico
{RK 150 to 192):
* Initially returned to low levels
*  Most dissolved metals
increased after Aug 27 storm
Gold King deposits
. influenced water
San Juan River chemistry over an
(Rk 193 to 540} extended period
* Increased Aluminum and Iron
in Animas carried into San Juan
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Blidddle Anbmas - Dolorads Posy Bvent

i Total Lead .
Total Aluminum otal Lea Animas at . .
S o1 s 1 64 2 20 Povres st Tursngs (R5 82 10 98) Water concentrations receded over
R R — ; Durango CO 2 - 3 week period after the plume
5 Bleeinein Finss H

GK Plume o .
L ——— ®  Trace metals very low during Fall 2015

Snowmelt (lower than historic)

- WATER *  Metals increased and declined with flow
during snowmelt

Snowmel

Fall 2015

Fall 2015

¥ Concentrations back to low levels in
August 2016

but relatively unchanged during Fall
months and snowmelt

Animas at Durango (RK 89-99) Animasat Durango (RK 89-99)

o0 5

2 18,000 s Aluminum | . .
2w e ; ®  Background sediment metals are high due
i SEDIMENT primarily to legacy mining
HE) ¥  Sediment metals concentrations variable
b Event to
£
H

; li A August 2016
%% R R R .

Plots include every sample within 10 km of Animas in the city of
Durango plotted sequentially in time— PLOTS CORMPRESRS TIRE

Aluminum in the recent deposits “active”

L
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Snowmelt-Lolorado

Total metal mass
Predicted transported through

concentration 2 months of snowmelt
based on

historic data

® We expected increased
metals concentrations
during snowmelt based on
historic observations

Metal Load Estimates for GKM Release,

— Concentration Snowmekt 2016 at Durango

20,000,000 ;
increase was not large !

# Snowmelt 2016
52 GKM Deposits

1,000,000

- Volume of water

carries a lot of mass
100,000 -

MASS {kg)

®  Metals concentrations
appeared to increase a
small amount early in

10,000 -

2,000 - &

) ) oh 4 : . : . e
snowmelt due to Gold B 25:;[“;9 & f@ «.f & \”:’a” &
* &

King relative to expected eal i &
{

Some increase
due to Gold King, #iore than enough to

some due to high account for all of Gold King
snowmelt peak deposied mass

#  Concentrations returned
to low levels by end of
snowmelt

. .
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Lower Animas Post Event
_Animas between Durango and Farmington NM  RK 132-190

2 Lead (and other
metals) accumulated
in sediment in lower
Animas during and
after Gold King
plume

Large storm 3 weeks
after release cleans
deposits from river

Metals in water then
increased

# ' Carried into San Juan
% Important for water
quality

Snowmelt
concentrations
increased—does this
happen every year?

o
5
8

Total Concentration {mg/L}

Sediment Concentration {mg/kg}

Every ohservation at two locations over time

WATER

Animas ahove Aztec (RK 1516}

= Aluminum

0.0

/ Stead

il :ﬂu,ﬂb{hdm;-:\uL-iuiolqb:hsméhmuo
SRS e

Aug 27 storm sweeps deposits out

Sediment Concentration {mg/kg)

01 4

Animasjat Aztec (RK 162.9)
400

350 3 i Lead

300 4}
250 3
200 3
150 §
100 3

@
g

biostiteaspeationcsnstegingespod

SFEGIERIEPGGGRsp

. Not to return until snowmelt

a

Cancentyation (mp/kg)

Summary at 6 locations in lower
Animas at key times during year

2 LS

£

Post 6K Pume

Lowser Animas River
Lead in Sediment

L1516 1580
River kil
SEDIMENT.

21629 x1765  R1902
ometer

Post Aug 27 Stanm

Last Snowrnelt Measwe  Summer 2016
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Theory for why metals increased in the lower Animas River
during the Fall after the Gold King Release

Post-event Animas River prior to Fall 2015 storms
Disclved ons swhange between

“ i Dissolved Metals
: the water and deposiied
Fe and Al hydroides
Aot ke Yspongs” for trace metals
Scavenge metals from waler

Deposited Yellowboy
Sediments

Post-Event Animas River after Fall 2015 storms
Dissolved Metals

Fall storms removed the sorptive
“spongs” of yellowboy from the
Aairas by Mew Mexios
aliowing dissolved metals to
: : Y remain in the watey and trassd

Farmington downstream
190.2

% !

Silverton Durango
kim 16.4 94.5
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San luan Post BEvent Water/Sediment
r crati £ metal ater Concentration —higher le stectable ing Gold King plume and snowmelt
oncefl rations o n:\e ais San Juan at Farmington RIC 196 €0 204 e San Juan at Four Corners RK 298 - San Juan at Mexican Hat (RI 421}
(Iead) in San Juan River 000 LEAD ¥ = 0.0007x + 10623 % Pestevent LEAD » @ Postisvent LEAD
— Influenced by Animas < e . 3 N — T 5"
2 g £ :
near confluence in % ] u smmer % :
. £ & g LIE §
Farmington T T £, § e
5] APlume 2 Z:
— Were elevated during 3 2016 Snowmele B visms L ORI
plume--undetectable P i i R o i
=3 S @ 8 H g2 g g
at lower reaches near - g g H H g B = H H E
Mexican Hat Aluminum Concentration (ugll) = Aluminum Consentration (ugit) premium Concention (ol i
Below: the Lead: Alummum Ratio plotted by Ume
~ Also elevated in water San Juan at Farmington (RK 196.1) San Juan at Four Comers (RK 296.8) )
. . 0018 - . San Juan at Mexican Hat (RK 421.5)
and sediment during : S o ] | 0016 o
snowmelt season oot | s PR oo1s .
. Plume Snowmelt . o2 | Plume nonme o012 Snowmel:ti
— Lead main metal i {0 Foooy e i
H T o0 ]
detected H 2 a0
oom
This correfation technique 0002 3
was powerful for ¢ 00 oo ;
e o Kin PR BhhahsiRies, % %R R % %
ving g Four Corners Mexican Hat -

A
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Has the System Returned to Pre-Event?

What Did Statistics Confirm About Post-Event Metals—Fall 2015?

Water Lead in Relation to Aluminum

« Most metals significantly lower after Gold King in the middle Animas (Colorado) oo in.San Jusn River

* Elevated Iron and Aluminum in lower Animas after August storms (New Mexico) TOTALLEAD d
* Elevated lron and Aluminum in San Juan throughout the period (NM, UT, Navajo) 2Post %@ . W;
Sediment o

. 4SMNear GKM Peak “%c
Despite large deposited mass, no significant increase in river sediments # Historlc P 2
What Remains to be Established?

Water
*  We saw a Gold King signature far down the San Juan during snowmelt
(RK 350km — Montezuma Creek). Will that reoccur in later years?

Ca.n we reliably gstabhsh baseline rel'f\tlonshlps.between Aluminum and other metals as 00 e e e Tedenss
evidence to confirm the end of GKM influence in the system? Aluminum Concentration ug/L)
Sediment

Concentration (ug/L)

We expect to see higher sediment mass moved during snowmelt every year in Colorado.
Will we also see elevated metals during snowmelt in lower Animas and San Juan in 20167

L
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fre Changes to Water Quality Meaningful?

% EPA Conceptual Monitoring Plan Implemented 2016

— Proposes to answer this question by comparing
observed concentrations to water quality criteria

24 metals x 40 criteria : 1400+ samples

— To assist OW in doing this for [t year monitoring

results, we have done this screening

3 About the Criteria

— Multiple states and tribes located at different

points along the river

— Criteria address both total and dissolved fractions

— Cover a wide range of concentrations depending

on beneficial use

— Many tribal criteria thresholds much lower than

states
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W Evosedances

During the Interval From August 2015 to August 2016

B

There were
water quality
exceedances
during the
Gold King
plume

@

There have
been
exceedances
post-event

Some chronic,
some storm
event related

Count of exceedances: yellow in box indicates at least 1

Number of Exceedances Observed in Monitoring Data

ANIMAS RIVER

New Mexico

Number of Exceedances Chserved in Monitoring Data

Colorado ANIMAS RIVER

n=371 Bomestic Supply

Irrigation

Domestic Supply 1-Day Livestock

Wildlife Habitat

Aquatic Acute Aquatic Acute

Agquatic Chronic Aquatic Chronic

Preliminary
Observed in itoring Data

SAN JUAN RIVER

Number of i

UTAH
New Mexico

Number of Exceedances Observed in Monitoring Data

SAN JUAN RIVER

n= 300

n=223

Domestic Source : o
Recreational| o : o o o 3 Domestic Supply x S o e 0
Irrigation {short-term)}:% ) 0 ) o [ Irrigation z [ e 0 [ )
Irrigation {long-term) |33 0 o 5 o 0 Livestock 0 ° o o o
Agricultural Uses o o 1 o Wildlife Habitat c o ) [ 3
Livestack i o > o 5 o Aquatic Acute| i o o 3 ° o
Warm Water Fish 1-hr| ¢ 3 o s - I3 Aquatic Chronic 5 3 z s 5

Warm Water Fish 4-day| 3 o 5
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Wi Exceedances San juan Blver
San Juan River ~ Mavajo Nation, Ute Mtn Ute

Number of Exceedances Observed in Monitoring Data

NAVAJIO NATION SANJUAN RIVER
K - o 0 n= 588 .
*  Tribal criteria ) ol Challenge for Office of Water
. Domestic Water Supply| o Vi 14 0 0 1 -

establish primaryHuman Comac] o £l b g * How to interpret
Signiﬁcantly Iowel" Se:ondary-Human C;n;;lc; ‘n‘ ; : Z : z monitoring data fOr
thresholds for many i “importance” of Gold King
criteria Chronic Agand Wildife| | sos Tl o 1ol la i

W Exceeded frequently Number of Exceedances Observed in Monitoring Data

UTE MOUNTAIN UTE SAN JUAN RIVER Challenge for ORD

® » o o
Many exceedances Prefiminary * Can we identify which of
can be explained by n= 209 these exceedances belong
natural sediment

to Gold King?

Drinking Water
IOadS C ial, other uses

Fish consumption

Agriculture
Acute Warm Water,|
Chronic Warm Water
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Water Cluality Uriteria San juan
Dhar of AHgnrent with Background Conditlons San juan at Ship Rock
August 2016
Total Lead in Relation to Aluminum
in San juan River
1,000
@ Non Plume . .
< Near GKM Peak g Correlation technique can help
ADuring . o Lrselive with sorting Gold King effects
# Storm ’,Y‘\
®Smonnelt 2016 %\} from natural backgr?und
A metals and pre-existing
100 . e
- contaminated conditions
&
=
H San Juan River
B 4 Near Plume Peal
E N=3
E - 5 Befare and After
S0 . . S
g Natural sediment loads in the g
£ " - ~ %~ NMED Acute
) San Juan ensure that aluminum g Aquatic
£
will almost abways exceed some £ B g i NNEPA Acute Ag
; E:
of the New Mexico, Utah and 3 o ) i NNEPA Chranic Ag
Mavajo criteria @
! e T 0.01
100 10,000 1,000,000 0 5000 10,000 15,000 20,000 25,000
Aluminum Concentration {ug/L) fed Sedi C fon {mg/L)
18
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Hey Findings—Goll King Helease Post BEvent

D produced hydrologic and geochemical evalu
release during and for a year following the release

ng

*  Post event water quality response from August to October 2015 varied by
location
— Animas in Colorado returned to background

— Animas in New Mexico and San juan River had elevated metals above
expected

— Chronic exceedances of water quality criteria revealed by monitoring

* 2016 snowmelt had elevated metals throughout the system—
partly from Gold King, partly from historic mining impacts

— Model resuits and analyses indicate GKM metals now out of rivers Next Steps:

— 2016 samples after snowmelt at pre-event levels » Finalizing ORD Report
—  We have a “fingerprint” unique to identify metals of the Gold King release *  Working with OWOW to have ORD report support
® ' There were water quality exceedances during the plume and post event EPA obligations for a 1** year monitoring report
varying by location and state or tribe, some due to Gold King > Evaluating monitoring needs going forward
E.g. aluminum, lead, copper, zinc, arsenic *  Publish findings
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Project Team

ORD/NERL

Kate Sullivan, Hydrology, project lead

Chris Knightes, WASP lead, water quality

Mike Cyterski, Data analysis, statistics

John Washington, Geochemistry

Steve Kraemer, Groundwater

Craig Barber, Fish effects

Anne Neale, Megan Mehaffey, EnviroAtlas

Lourdes Prieto, Data acquisition and GIS

Elena Horvath & Megan Culler (EPA Student Services Contractors);
Brian Avants; Mike Mangiante (EPA ORISE Fellows)

20
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Water Quality
Criteria

Use both
dissolved and
total fractions

Alotof
variation for
the same metal
depending on
use and entity

States generally
similar

Tribal criteria
tend to be
lower

Surface Water Quality Screening Criteria

Scraening Criter

Compiled State and Tribal Water Criteria

mg/L

J—— bews s
Domestic oomestisonce wan
Water supply —
Diinking e [T
Py
vavajoaton
Recreation
and Human | zenenis, oo es
Contact ;.,».mm:.,.
[—
wigaon
ngarion
wigain sert-m].
s —
Agrioutre | grnaisses

sgrentuisipply

sgrutone

m_--mm_-m

vestock

stk ipdned

Livestock

st

vestock

Lvestock waeing

e Hatit

scte sgmtwiate

P,

.

.

o wates s

Aquaticiife

Pr—

supate saee

colrstn

st gvons. negions
st i negions

« navajoaton
st gvons. [—
st ons colrstn

We screened post release data against all criteria

-

---
o

Eonii ibese

Seme require water hardness measure
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